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(U) This report presents the results of an investigation of the slow cook-off

behavior of PBXC-116/117 explosives, and the behavior of PBXC-116/117-loaded ;

ordnance when exposed to fuel fires. The PBXC-116/117 compositions . were :

demonstrated to have outstanding thermal, mechanical and explosive properties. !
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INTRODUCTION ) o :

9 e

Two  new  explosive  compositions, PBXC-116 and  PBXC-117, specifically
designed  for  resistance to - bullet impact shock, were developed at NWC by Miss
Barbara  Stott  under the sponsorship of the Naval Ordnance Systems Command
tORD-0332), The compositions are based on RDX suspended in an elastomeric binder,
one of whose components will dissolve o small amount of the RDX. (PBXC-117 is an
aluminized  version of PBXC-116.) The development reouirements included Jow cost
components, processability in standard cquipment. cold castability, and ambBient tem-
perature cure. All of these requirements were satisfied in the PBXC-116/117 systems.

A previous pnhliczninn‘ reported the preliminary investigation of PBXC-116/i17
thermal  behavior. The  standard,  small-scale, fast cook-off procedure, as well o«
differential thermal and thermogravimetric analysed and differential scanning calorimuter
determinations, were included in that preliminary report. These explosives demonstrated
sood thermal properties and, in particular. very mild reaction at a reasonably high
temperature on fast cook-oft. This suggested that these cxplosive compositions repre-
sented o breakthrough in explosive development work. :

This publication is voncerned with (1) the slow cook-off (SCG) behavior of
PBXC-116/117,  for storage life  predictions. ete.. and  (2) the behavior of
PBXC-116/117-loaded ordnince when exposed to fuel fires. The reactions o fast and
slow fire heyting were mild, deflagrations only, under conditions th.t preduced

explosions and detonations with Tritonal and Composition B loads.

These compositions have been interim qualified for general purpose main charge
applications and have shown “ouistanding superiority  over conventicnal explosives in
their resistance to inadvertent initiation by high relocity projectiles and fuel fires.™

INaval Weapons Center. Thermal Analvsis of Cundidate General Purpose Cold-Cast [xplesives
PBXC-116 and PBXCG117, by Carl M. Anderson and Jack M. Pakulak. Thina Lake, Calif., NWC,

Octoher 1974, (NWC TP 5561, publication UNCLASSIFIED.)
2Naval Ordnance Systems Command, Interim Qualification of PBX-226(1) xplosive Compo-

sitten, Washington, D.C., NAVORD-0322A, 9 uand 11 April 1974, (NAVORDNOTICE R074, publi-
caion UNCLASSIFIED.) . .
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EXPERIMENTAL B

Stow cook-off involves the determination of the time required for a sample,
held at a given  temperature, 1o self=destruct.  Samples in three sizes at three
temperatures are required for analysis of the data, :
Ry, ‘ -

T'he samples were cast in waxed paper cartons with 4 bead.thermocouple in ihe
exact center of the billets. In the largest size, a sccond thermocouple was located at a
one-half radius point. The sumples were prepared for cook-off by wrapping first with
one laver ot 0.0005-inch thick aluminum foil, then with two layers ‘of 0.002-inch thick
aluminum foil. A tab thermocouple, in which the thermocouple wires are individually
spot welded to a 1 em? stainless steel tab, was placed on the surface undes the thin
aluminum  foil and covered with the outer foils. The air oven consisted of 2 largc
aluminum tube (10-inch diameter by 4-foot long, with clectric surface heaters attached
to the outer wall) suspended in a transite box filled with rock wool The oven
temperature was controlled, via o thermocouple imbedded’ in the ouier surface of the
aluminum  tube, with a Honeywell recorder-controller. By this means, ¢he gir temper-
ature variation in the oven, with the fiberglass cloth end-piugs in place, was held at
less than 3°C. Thermocouple time-temperature data were recorded o’ stripuhiret
recorders.. Table 1 lists the cook-off determinations made on the three sizes in the two
systems.

Warhead cook-off experiments in aircraft fuel fires were riun using the following
procedure. The warhead, with thermocouples appropriately installee i and on the unit,
was suspended from an A-frume approximately 3 feet above a 24-Izot diameter shallow
pit containing JP-S fucl. The chain hangers and the thermoccuple leads were
thoroughly insulated. This was done to minimize extraneous heat paths into the
warhead and to prevent burning off of the thermcouple leads leaving the lines
reporting flame temperatures. The pit was filled with sufficient Jr-5 fuei (800-1,000
willons) for a 17-20 minute fire. This  was covered with 10-15 galions of gasoline,
to ensure ignition, and then ignited using 4-6 clectric matches wrapped with gasoline
soaked rags. Time to reaction was taken as time from firing the matches, Usually,
15-45 scconds were required to establish the flame over the entire zurface of the fuel
Time-temperature data were recorded vin a “‘dute logger” magnetic tape system for
luter reduction and plotting by available computer programs. Photographic and video
tape records were made of visual effects. Audible cffects were monitored on a sound
svstem and recorded on the video tape.
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TABLE 1. PBXC-1T16/117 Cook-off Determinations,

PBXC-116
SCO Size, inch Weight, Air in oven NWC
run no. |[Diam. | Nominal length | grams | temperature, °qd site

107 I i 33 177 05-8
109 1 3% 132 151 H5-B

1S 14 3 1.4 164 65-R

111 A O 1430 137 65-8
123 AL 6 1,495 154 607-A
127 3y O 1470 147 07-A
129 A O 1,500 157 67-A
K 3 S 2000 151 203-8
17 5 S 2860 141 2038
119 N St 2950 130 2038

PBXC-117

108 14 MA 139 177 - 05-8
110 s A2 134 150 - 65-B
116 (R 3 133 162 - 65-B . v
12 R O 1,500 137 65-B - :
124 AN O 1,500 151 67-A
128 A\ 0 1,502 147 67-A
RV ey O 1400 }S¥ 67-A .
AR S St 2090 150 2038 ¢
118 S St 2950 14) 2038
120 N S% 3.200 131 203-B

TREATMENT OF EXPERIMENTAL DATA

Slow cook-off  time-temperature  records provide the raw  data from which
thermal properties, an estimaiton of storage life times., and a prediction of time-to-
cook-oft in other sizes and at other temperatures can be obtained.

THERMAL PROPERTIES

i

The time-stemperature data recorded  during the warm-up period are used to
cvilunate the thermal diffusivity (o) of the material, An cquation derived by Cadoft and

Miller? was used tor this eylindrical case .

3Cudoﬂ'. Irving B. and Edward Miller. Thermoelectric Materials and Devices. New York.

'
I

Reinhold Pubiishing Corp., 1960, pp. 124-132,
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ar =L 41 | BE1P
dJa di '

Where A7 is the difference in temperature between the outside surface and the center
of a cylinder of radius (@) and a heating rate of d7/dt on the outside surface. The
thermal  diffusivity, o, is related to the thermal time constant of the material (7).
defined as
2
r == . (2)
«

and to the thermal conductivity (V) by the relation X = pea. Where g is the density
and ¢ the specific heat of the material. ’

In the slow cook-off procedure, the cold samples are introduced into o
preheated  oven which is  immediately  closed. The - sample temperature rises expo-
nentially to the oven temperature and above, The Arrhenius chemical reaction rate
equation ‘ :

k= A expl -E*RT) ©(3)
and the zero order rate equation
/ ‘
defdt = k (4)

are combined to calculate an amount of reaction oceurring during the warmup period.
In the form of the fraction of the sample rcacted (/) the integruted rate equatien
combined with the Arrhenius equation produces the equation needed:

J= 1A expl -EXRT) C(s)

where f is the fraction reacted in the time interval, ¢, for a reaction whase activation
energy is E* and frequency factor is A. An approximation for time zero is obtained
from the time-temperature records by taking the sum of the fractions reacted in each
of five 10°C intervals before the “cross-orer™ point and then calculating the time at
the oven temperature for that amount of reaction to occur. The cross-over point,
usually at or near the oven temperature, represents the temperature and the time at
which the temperature at the center of the sumple goes above the temperature at the
surface of the sample. This computation is carricd out for the sample surface
temperatures and fer the sample center temperatures, and a simple average of the two
times is used as time zero (7). A program, stored on a magnetic card, for the
Hewlett-Packard Model 9820 calculator has been written to make this computation,
The program, aid the computation procedure, is given in Appendix A.

A

R R R T
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Zinn and Mader® in their computations from thermal explosion theory and heat
flows I an explosive sample, present a characteristic term that they call a “eritical
temperature”. Plus critical temperature is defined as the temperature at which the heat
produced by chemical reactions in the sample is just balanced by heat exchanges from
the sample, That is, the temperature of the surroundings at which the temperature
distribution in the sample is uniform. This characteristic critical temperdture can be
considered as a point above which the sample will certainly cook-off and below which
the sample may cook-off given sufficient time. This characteristic critical temperature is
defined by the equation:

o .
L {6)

2 AQFK
2. 303R 1ng(—"—-——TQ—-—p)
T’N6

jIN

where 7)), = characteristic critical temperature, “K
a = onc-hall thickness or radius, ¢cm
@ = heat of reaction, cal/g
p = density, g/em?
A = thermal conductivity, cal/em -°K )
R = universal gas constant, 1.987 cal/mole-°K
& = a shape factor

The shape factor, 8, takes o the value of 1.00 for an infinite slab of thickness lu: 2
for an infinite cylinder of radius ¢; 2,76 for an cqui-cylinder (diameter and c2igh =
2a: and 3 tor a sphere with radius a. Using data from the previous report in this . oS

(sce footnote 2) and the thermal diffusivity measured here, an iteration on Tm RS

(o) converges rapidly to a value for 7,,. Data used for the iteration are listed in Ta.

2. A program was written for this iteration, for use with the Hewlett-Packard Modei

U820 caleulator, and is provided in Appendix B.

TABLE 2. Data for Equation (6).

Term PBXC-116 PBXC-117
E* keal/male 45.0 450
A, sec”! 1.4 x 107 2.6 x 107
Q. calfgram 500 520
D. _ur:lm,/cm? 1.08 1.7§
a, em?/see S x 10" : & x 10
C. c;ll/gram-°K 0.33% 0.304
A calfemesec’K 27 x 10 4.2 x 10
5 276 276

stimated values from other castable PBX/RDX systems,

4lmn and Mader. Joof Applicd Physies, 31:323, 1960,

2
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Zinn and  RopersS using the approach described by Zinn and Moder (see
tootnote 4), developed an empirical relation, Fq. (7), from  experimental  cook-off
restlts ol a series of pure explosives, This relation gives @ useful prediction of time to
cook-0ft, 7. using the activation energy, £* and the thermal time constant, 7, defined
in bq. (2% T

p !(' (]« / ! ' (7%
g — = A
T I 1)

Zinn and Rogers published o curve defining the function which then provides a means
of determining the characteristic “critical temperature”, T, from experimental cook-
oft data. From a plot of experimental time-to-cook-off, 7. versus the reciprocal of the
absolute oven temperature. 7, and the value of the function in Eq. (73 (equal to 1.6
tor an infinite  cylinder at the point where ¢, = 7). the characteristic critical
temperature is caleudated tfrom

(R)

With a value ftor the characteristic critical temperature available from thermal
eaplosion theory, Eq. (0) or from experimental data, Eq. (8). predictions can be made
of tme-to-cook-off at other sizes anf temperatures. Predictions are quite good for
values of 7,/7 less than about 10* for non-metallized explosives and propellants. For
metallized systems, the method is not as well defined but is usefui for order of
magnitude predictions of time to cook-off.

RESULTS

PBXC-116

Cook-oft determinations, as indicated in Table 1. were run on three sample
stzes amd at three temseratures. Reproductions of typical time-temperature runs are
presented in Figures T othrough 3.0 Data from these runs are summarized in Table :3, and
i Figure 4 a8 a plot of equivalent time to cook-off vcr\m thc reciprocal ol lhc ‘oven

temperature in degrees Kelvin (columns 6 and 7 in Table 3

5. . ) g
Zinn and Rogers. Joof Phvsical Chemistry, 66:2646, 1902,
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FIGURE 1. Time-Temperature Data, PBXC-116 (SCO-115, 1%-inch-diameter
by 3-iich-long scmiple size).
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FIGURE 2. Tume-Temperature Data, PBXC-116 (SCO-123, 3b-inch-diameter
by 6inch-long sample size).
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i60 — CENTER
AR ——— .
140 p=
120
i L ALUMINUM FOIL
w 100
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! x 80
. W
a
s
w
[
60 —1/2 RADIUS
40
20 ENTER
0 | 1 L L l | | | 1 |
0 5 10 15 20 26 30 35 40 45 50
TIME, HCURS
FIGURE 3. Time.Temperature Data, PBXC.116 (SCO-116, 5-inch-diameter
hy S¥-inch-long sample size),
t)
g TABLE 3. PBXC-116 Cook-off Data.
sco | .Sue)_upfh Crossover ‘Ll-_qunalent time in oven, | Time at Ty 10 x 117,
run no.: Dam. | Length | temperature, L(' hour minutes seconds
T T T - —
107 P A ] 170 i 2 43 30 x 10 | 2220
1y v | i 151 l o0 50 2328 105 2ase
PSSy 162 : 02 9 347 x 10° 209K
A i P30 ' 153 24 PS5 x 10f 2444
12300 3 ] 6 N 17 38 42 xa0? 2382
12 , 31 : 6 147 ! 2 1% 0.6 x 10* 2,380
120 [ o6 50 Y 20 116 x 10% 2314
s s sy | P56 12 56 1.33 x 10¢ 233
) 5 ! 5 13° 5 R [ 141 x 10° 2438
X0 So1os 1 194 54 je.ﬁ x 10° 2 4%6
3 10
h
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1 Tl

i

[t

T T 171717

_ 1 1/4-IN. DIA
J 1/4- IN, DIA
_________ — 5-IN. DIA

[ J ‘. -7

I
~

| 1 |
22 23 24 25
RECIPROCAL OF OVEN TEMPERATURE, 103 x °k!

FIGURE 4. Equivalent Time to Cook-Off Versus Oven Temperature (PBXC-116).
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PBXC-117

Cook-ott determinations for PBXC-117 were run using o oseries ot sample sizes
and temperatures. Reproductions ot typical time-temperature data are shown in Figuies
S through 7.0 lable 9 v o summary of the data from these runs. A graphical summuary
ivogiven i Figare 8 oas o plot of cquivalent time to cook-ott {.. versus the reciprocal
ol the oven temperature i degrees Kelvin (columns 6 and 7 an Table 4) at the various
SI/70s.

CENTER ‘_—_———ﬂ’/’,,/”
160 |-

ALUMINUM FOIL

140

TEMPERATURE, °C
s 3

8
1

40 |-

20

0 I 1 | ! J
0 5 10 15 20 26

TIME, HOURS

"IGURE 5. Time-Temperature Data, PBXC-117 (SCO-116, 1%-inch-diameter
by 3inch-long sample size).
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« o
'
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o«
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- H
60
“
3
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0 10 20 30 40 50 i
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FIGURE 7. Time-Tempesature Data, PBXC-117 (SCO-118, S-inch-diameter f
by S$%-inch-fong sample size).
TABLE 4. PBXC-117 Cook-off Data.
- i
Ti “Crosover” | Equiv. time ! :
SCO | Size in. temperature _m_oven, Equiv. time | i
. ron no. | Diam. Length °C Hours | Minutes| at T see !10"‘ x VEy
i ——— Byl g — 1. —— R
| '
1 bUK i A 171 3 ‘ 1o 70 x 10t 2030
: 1 1, LEE 149 i 8o 10 K N 1O R 2300
11n 1 31, 160 23 | 0 TS0 10 230K
N RIS o 13X o |2 57 4o RN
124 v 1349 Reconder Laled
128 3 t 147 43 20 [IEEIENTIN 2350
130 kA 6 157 10 32 PR v 0? 232
114 3 o 144 23 10 SRO x 107 2.397
X Itx 3 S 136 Ki § Jog 107 2444
| 120 § 5. 130 [ w7 20 LO3S 107 1 2480
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DERIVED DATA

Characterstic orical remperatires™ for these systems are given in Table § for
the sizes considered here as caloulated from thermal explosion theory, g, (6). and oy
cicatated  trom  the expernimeatal data using Tables 3 and 3 and Fyg. (8). These
numbers provide the basis tor predicting time to cook-oft in other sizes and at other
temperatures. The data o Fable S are plotted m Figure 9 as log radius versus /7,7,
The comstunts for the Jeast squares straght line tor cach series of points are appended
too Table 30 The constants are tor u line i the form ol

fog w = 4 4 00+ 275.2) 19

where o s the vudios o centimeters, of the ovhmder bemnye considered.,

TABLE §. Characteristic Temperatures for PBXC-116 and PBXC-117.

PHXC 116 PBXC-117 RDX
| . .
ham., T, : Theary, ! f \pcr.lr:‘.cnl;al.i 7. l Theary, { Lapecamentai, T i Fheory,
inch \u_c_.__; _____(-____:___ ( sec | S sev ; it
1] Sda at et | 166 AN TN 158 169 3.25 ur‘i 156
v, 134 8 m"l 145 i 146 20 w0t 4 150 249 0t 142
5 Bloa |u°| [RES I 3s [ L4 m‘l 136 13% SR A m‘! 138
A 1158 779 - 10.K9 T K3 S11sT
K 4 66Y 3.513 4781 1458 S.08¢6

As an example of the use of these numbers. consider a Mk X1 general purpose
bomb loaded with PBXC-116. 1n the Mk 81, the cxplosive charpe has o diamete: of
about k.2 inches. or radius « = /047 em. Reading trom Figure 9, or caleudating from
the line i bkq. (9. 7, is cqual to 130°C (explosion theory) or 1267C (experimen tal
Cook-ott data). The thermal time constant. 7 for this size is 217 x 16° seconds. Now.
for o S00-hour cook-off, 1, = 1RO ¥ 10% seconds, 707 =S4 and log lfr = 002

Ia

This pives & value or the function in kg (T) of 035 from the Zinn and Rogers
cunve  Gsee footnote 6). Using  an activation  energy  of 45 keal‘mnle, the oven
temperiture: needed s 777 = 12970 (264°F) from thermal explosion theory or 1257°C
(257°F) trom experimental cook-o1i data. '
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Ax another application, a calculation was made of the radius requirad to satisfy

Eq. (6) at assorted characteristic crtical temperatures (Figure 10). A similzr compu-

tation for pure RDX is also included in Figure 10. These fines represent ghe radii of

the maximum size of cylinder that  will not self-heat at that temperdtire. At

temperatures above the lines or for sizes larger than the lines, the sample will

eventually cook-off. Cook-off could still occur at smaller sizes and lower temperatures.

but at much longer times. Of interest here is the fact that the binde; system in
PBXC-116/117 has so little effect on the RDX. v

ZUNI WARHEAD COOK-OFF TESTS

The coxemplary behavior of these explosive systems in the 2-pound, small
cook-off bombs, as reported in the preliminary thermal study (sece {ootnote 2),
indicated that PBXC-116/117 should be useful general purpose expiosives. A brief
investigation was made to demonstrate the behavior of these explosive sysiems in two
typicul rocket warheads in a fuel fire. The Mk 24 and Mk 63 Zuni warnsads were
chosen because they are high-use, readily available items. The Mk 24, in particuiar, was
used Dbecause the steel wall thickness (0.4-inch) relates directly to 'the general purpose
serivs bombs and represents 1 heavy confinement. :

The experimental procedure, standardized at NWC, involved suspyending the
ordnance item over a 24-foot octagonal pit with sufficient JP-5 fuel to produse a fire
for a predetermined length of time. The JP-5 fuel was covered with a few gailons of
gasoline. to ensure ignition, and ignited with electric matches. The ordnande item was
fitted with thermocouples at strategic points and thermocouple output was recorded on
a digital tape “data logger” system. Reduction to time-temperature and plotting was
done on an IBM 1104 computer.

Test SCO-125

A S-inch, Mk 24 Zuni warhead, with the regulation black cavity paint removed
and instrumented with two thermocouples (TC-1 and TC-2) attached to the inside skin,
was pgiven a wash-coat of diluted PBXC-117 binder and loaded with PBXC-1i7
explosive. Neither fuze nor booster was installed. Two additional thermocouples (TC-3
and TC-4) were placed (in air) at about 10 centimeters from each side of the warhead
to read the flame temperature. Time zero was calculated as the time the electric
matches were ignited to start the flame. The entire pit was aflame at 12 seconds and
the external flame temperature thermocouples passed 538°C (1000°F) at 45 seconds.

Figure 11 is a photograph of the installation showing the warhead suspended

about 36 inches above the fire pit. The thermocouple leads were carefully insulated to .

prevent burn-off: a burn-off can result in an open lead or in a reading of the flame
temperature,
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A plot of the timetemperature records is given in Figure 12, The flame
temperature was at the typical level, except for a-long period of .time to:abrupt rise
which may have been due 1o the mounting of the flame thermocoupltesyt The fitm of
the test shows a normal initiation with the usual 12-15 second delay to full*Same:

At 105 seconds, a sharp report was heard on the audio system, but ro obvious
visual chanee in the flame was observed on the monitor or on the film . After fire
burn out, the Mk 24 was still attached to the frame by the base supnort ring (see
Figure 13). The warhead. with a 0.4-inch thick skin, had been split end laid onen in
what is defined as a deflagration. Figure 13 is a photograph of the warhicud; afier the

Yoy

test.

Test SCO-126 R

T
Lited

: A second S-inch Mk 24 Zuni warhead was loaded with PBXC-117 ord tesied as
in SCO-125. On this occasion, no time-temperature data were recorded due o a ?‘ai‘lure
in the system. Film data were essentially the same as before with no great change in
the flame as the warhead opened. The operator reported a “‘heavy report™ at 75
seconds:  presumably  louder than the “sharp report™ of SCO-125. Figure 14 ic a
photograph of the test stand after the fire had burned out showing:abe:t ‘ona-ialf of
the case still attached to the stund. Figure 15 shows the two frugmerits ¢f the warhead
case, which would indicate a somewhat more enthusiastic deflagratics vaun in the

previous test, ‘ ’

Test SCO-128-A (ZX-4)

Four S-inch Mk 63 Zuni warheads, cach loaded with about 14 pounds of

PBXC-116. were placed in a LAU-10C/A launcher with inert motors and igaiters. The
launcher was coated with 130 mil Pfizer Company FIREX RX2370 intumescent paini.
The forward lairing was coated with TTP-0026b intumescent paint. As shown in Figure
16, the assembly was mounted three fect above the fuel in a 24-foot octagonal pit
The test was instrumented with two thermocouples on the inside sheil _of ciach
warhead, one  thermocouple on the forward outside skin of cach warhead, one
thermocouple (No. 13) on a probe inside the fairing, two thermocouples (No. 14 and
15) on the inside skin of the fairing, and four thermocouples outside the test item to
read tlame temperatures. Twelve-hundred gallons of JP-5 fuel were used in the fire pit.
About 15 gallons of gasoline were poured onto the fuel surface to aid ignition.
Time-temperature  (thermocouple millivolts) data were recorded on a “data 1()gg¢fr"
magnetic tape system for later reduction and plotting by computer. The tesi was
reccorded  on color camera film and monitored continuously with a closed circuit
television and audio system.,

The reduced time-temperature records for this test are given in Figure 17,
Correlation of these data with the firing officer’s report of the test cvents is difficult
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FIGURE 14, Post-Test View, SCO-126. (Neg. LHL i79893)
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W that at some point after about 4 minutes 30 seconds, the launcher evideatly fail
into the fire cutting off all the interior thermocouples. That is, at some time after 2/0
seconds, all of the thermocouples show flame temperatures. Do e

NS .

The firing officer reported that flame covered the pit at 40 seconds (Tame
thermocouples 16 through 19 pussed S38°C at 36 seconds). At 3 minutes 20 seconds,
crackling noises (continuous) were heard (fairing thermocouples 13 through 15 rce
rapidly  to flame temperature as the aluminum fairing melted or burmzd awry).
Between here and 7 minutes. all thermocouples were cut off. At 8 minutes 40
seconds, jetting noises were heard and there was a report (no flash) with some flame
disturbance at 8 minutes 57 seconds. Another report and a flash at the ferward =nd
occurred at 9 minutes 19 seconds with two more reports (and flash) occuriimg at-10
minutes 56 scconds and 11 minutes 4 seconds, respectively. On reviewing the film
records, none of these cvents is discernable in the fuel fire flame. Fire fighting
personnel could have been working at the cdge of the pit with ne dange: to them)';t

any time.

Post-test observations were as follows. The launcher reriained on the deck witt
afl aluminum components consumed and/or melted (Figure 18). There was no evidence
of any reaction having occurred while the dummy fuzes were still on the warhead; a1l
the dummy fuzes were on the deck at the forward end of the launcher. The remain:
of two warheads were still attached to_transfer tubes with cubes stilt in place. There
was no cvidence of any violent reaction and all of the explosive was consume..

Test SCO-155

During a previous wood fire cook-off test. a 250-pound Mk 81 general purposz
bomb. loaded with PBXC-116 explosive. was ejected. This bomb had been instru-
mented with four thermocouples welded to the inside skin of the bomb at 4 and %
the length of the bomb and 45 degrees each way from the strong-back. It 'iad been
exposed to a temperature of 71°C (160°F), as measured on the inside skin of the
bomb, for 4 period of about 2 hours. This same bomb was used for test SCO-155.

For this test, the bomb was suspended by the lift rings on chains so thai the
interior thermocouples were located in the upper quadrants of the bomb. The
standard 24-foot octagonal fire pit (1200 gallons JP-5 fuel) was used. The usual film,
duata logger. and closed-circuit telcvision monitor systems were used. Figure 19 is 2
photograph of the test. :

The time-temperature records for this test are reproduced in Figure 20. With a
borderline wind velocity of 5-10 knots, the fire built up slowly and covered the pit at
about 60 scconds. At 2 minutes 26 scconds, a high flare occurred with a good
“whoosh” of noise. Burning fuel was splashed out of the pit. The bomb base ring was
obscrved to roll slowly up out of the pit and come to rest leaning against one of the
stakes anchoring the plastic pit liner (see Figure 21). This probably occurred as a
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FIGURE 20. Time-Temperature Data, SCO-155.

FIGURE 2;. Post-Test View, SCO-155. (Neg. LIL 152248)
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resuit of the bomb case opening and allowing the 100-pound block of PEXC-116 to
fall into the fame, splashing hot fuel 1o make the flare. Here again, properly cquipped
tire fighting personnel would have been in little danger.

WOOD FIRE TESTS

A serics of wood fire covk-off tests 1o simulate railcar fires included, among
others, experiments with Tritonal as well as PBXC-116 loaded bombs. The ests
consisted of a4 paliet of Mk 81 general purpose bombs with four live bombs and c.ght
sand-fifled nert bombsy o1, a4 wood floor made up of 3- by 6inch tonguce-and-groove
boards. Figure 22 iy a photograph of the setup. With Tritonal filled bombs, the

sequence of events was:
1. tloor ignition at about 1 hour 30 minutes,
2. wood fire warmed bombs for 40 minutes. ut which point

one bomb opened and dumped molten Trtonal into the fire. and

()

4. the wood and Iritona!l bumed tor 12 minules (Figure 233 at wnich point
the bomb detonated imtiating two other live bombs (Figure 24).

incrt bombs and fragments ot inert hombs were thrown as far as onc-quarter mile. The E
site was completely cleared, including 1 10-ton steel fragment shield which was flipped '
over and moved 40 feet (Figure 25) In contrast, the same experiment with PBXC-116
louded bombs, 1 much the same time scale, resulted in the test fixture breaking up
and collapsing into one pile (Figure 26). The one live bomb that had beer dropped
off the puallet duning the first reaction, was the one used in the SCO-155 fuel fire
cook-off. These results indicate that PBXC-116 loaded bombs will be much safer for
rail shapment. Thus, the danger. and the possibility of disasters such as occurred at
Roseville, California will be minimized.

CONCLUSION AND RECOMMENDATION

The explosive compositicns PBXC-116 and PBXC-117 have outstanding thermal,
mechanical and explosive properties. The behavior of the sysiems in fuel fires, both
the tast hot JP-S and the slower wood fites, was a deflagration that would have caused
lttle difficulty for fire-fighting personnel. This, along with the detonation propertics -
and resistance to hizk encrey impact teported clsewhere, suggests that these compo- 4
sitions are a real breckthrough in explosive composition development. :
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FIGURLE 22 MKk K1 Bomb Boxcar Cook-Ort) Pre-Test View. (Neg. LHL 152241)

FIGURL 23 MK X1 Bomb Boxcar Cook-Off, Fire. (Neg. LHL 151904)
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FIGURE 24, Mk B1 Bomb Boxcar Cook-Off, Detonauon. (Neg. LHL 181901}

FIGURE 25, Mk 8! Bomb Boxcar Cook-Of1, Post.Test View of
Test Site. (Neg. LHL 179640)
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Potential applications for these explosives are many, including ali carrier-cased
weaponry. Among the possible uses for these systems are:

1. Ordnance carricd on aircraft exposed to gun fire and/or shrapnel.
2. Ordnance carried or stored in fire hazardous locations.

3. Main charge in penctration warheads or missiles where resistance to impact
forces would be cssential.

4. Ordnance subjected to excessive vibration and mechanical shock in shipmen:
and storage. (A brittle composition could crack under these conditions with
a resultant enhanced sensitivity and impared performance.)

s

ation.

6. Ordnance exposed to aerodynamic heating, as on high speed aircraft whe.e.
for example, a temperature of 80°C or greater would melt a. TNT-bised
explosive causing extrusion problems. ‘ ’

- -

It is strongly recommended that these compositions, PBXC-116 and PBXC-117,
be qualified in all carrier-based weapons and ordnance, in particular, when any new
weapon is considered and when an old system is modified.

i

. Projectiles subjected to set-back forces which could cause premature initi- -
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Appendix A

PROGRAM TO CALCULATE TIME ZERO FOR SLOW COOK-OFF

A program for the Hewlett-Packard Model 9820A calculator solves Eq. (§) an<

sums the fraction reacted in each 10°C interval below the furnace “cross over ™

temperature. The time required for the same fraction to react at ths furnace
temperature is calculated and subtracted from the ‘‘cross over” time to give the
required cquivalent time zero. The needed Arrhenius reaction rate constants must be
obtained from other experimental data.

The program list is as follows:

0: PRT “CALC TIME 0 FOR COOK OFF”; PRT “RUN NO. SCO" ENT Z; FXD O;
PRT Z; FLT 9. SPC 1: ENT A, B

O- X~-Y: ENT C.RO, RI, R2, R3, R4, RS

Y+3600A(RX - R(X+1))EXP(~ B/1.987/(C+269.5 1Y

IF X<4: X+1=X; C.-10~C; GO TO -1

PRT “F", Y; PRT “TO", (3600 RO--Y/A/EXP(-B/].987/C+323.2)))/3600;
PRT “1/T1"-

§: PRT 1/C+323.2); SPC 1: GO TO 4

6: END T

H Wy —

Input data for this program is: (The “RUN PROGRAM™ key is pressed after
each input item.)

Z = Run No.

A = Arrhenius frequency factor

B = E*, Arrhenius activation energy

C = “Cross over,” oven temperature, °C

RO = *“*Cross over” time, hours and decimal fractions
R1 = Time at C--10°
R2 = Time at C--20°
R3 = Time at C-30°
R4 = Time at C-40°
R5 = Time at C-50°

Print out, on tape, is:

*CALC TIME O FOR RUN NO SCO “Z”
F

(total fraction reacted)

TO

(equivalent time O at furnace temperature)
1/T1(°K)
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4 . .
The program then poes back to statement | for a second computation in the same
system.

A colculator tape of this program and the results of a computation are included. as
Figure 27.

@ o ) o
FET "CARLC TIHE © E”bbﬂgILEnw FOR
FOFR COOE QFF"s L RN (7
FET "RUH HO SCoov 7
YENT Z3FED a3 .

FRT ZiFLT 935PQ 3. 54 1DRIH42E-

—

@3R3V ENT Dok R et
{yREVR3s Ry RSE o T

I:EH'I HyEF . Tlt".l
4

YEIEERR IR R-R I+
TIERF l-E:.--"l L HET S
FC+HEE,. 511+

ol sl

.‘.:_ aa
o
-+

—_

FIGURE 27. Calculator Program Tape, Time Zero for Slow Cook-Off,
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Appendix B ; : &
PROGRAM TO CALCULATE CHARACTERISTIC “CRITICAL" TEMPERATURE 3
i
!
This program, for the Hewlett-Packard 9820A calculator, solves -Eq. (&) to '
determine the characteristic “‘critical temperature”™ of an explosive or propeliant.
L+
T, = (6}
m 1 AOF i
2 303R lug (—u—%g—i) )
ART,,5 !
f
The equation solved is for 7, by a rapidly converging iteration from un
estimated value of T,,. The program is: !
0: PRT “ITERATE FOR T(M);SPEC 1; PRT “SAMPLE iS™; ST¥# ,
1. SPC 1.ENT RO,R1,R2,R3,R4,R5,R6,R7,R8 :
20 PRT “E™,RO.MAVREMQ™R2LAMBDA™,R3,"*RHO",R4,"C",E5 “DEL" f
3: PRT “R”,R7:SPC 1;PRT R8:SPC | :
4: ENT A:PRT A:A+273.16—~ X:ENT B: PRT B;BB— A;SPC !
5: RO/R8R7LOG (AR2ZRIROR4/R3IR7XXR6)>X
6: PRT X-273.16:1F ABS (Y--X)< |E--2; SPC 1:GTO +21
70 X=Y:.GTO 2
8: PRT 1/X:PRT “TAU",AR4R5/R3:1/(1/X-1.6/R0)-273.16=Z;PRT _
“T1Z.SPC 2.GTO -4 ’ i

9: IE'ND

Input data for this program is (Note: At the STOP after pi:nting “SAMPLE
I1S.” press PRINT, ™, SAMPLE INDENT. ", and EXECUTE.):

i

i
RO, E* = Arrhenius activation energy, cal/mole
R1, A = Arrhenius frequency factor, sec™!
R2. Q = Heat of reaction, cal/g i
R3, A = Thermal conductivity i
R4, p = Density .
RS, ¢ = Specific heat g
R6, 6 = Shape factor 4
R7, R = 1.987 cal/mole-°K : i
R8, 2.303 3
A T, gstimate g

B a = radius or half thickness

The RUN PROGRAM key is pressed after cach item entered. The program prints out
the input values followed by the 7, iteration values. The program then prints //T
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CR)L the value of 7 = ¢2p¢/8 for the sample size, ang the value of Ty for fp =T The !
program then returns to statement 3 to repeat the computation at o new size. ;
Any of the input parameters may be changed by pressing STOP twice and ;
CLEAR. The new values are added by entering the number followed by -, R and the h
appropriate number from the input list. Pressing GO TO, 1, EXECUTE, and RUN :
PROGRAM initiates the new problem.
*An example of the calculation is given in Figure 28. i
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" . Force Development Center)
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1 Naval Air Development Center, Johnsville (Code 30223, D. F. Pulley)
4 Naval Ordnance Station, Indian Head
Code FS, A, T. Camp (1)
Dr. William McQuiston (1)
J. H. Wiegand (1)
Technical Library (1)
2 Naval Suiface Weapons Center, Dahlgren Laboratory, Dahigren
Code G.C. W. Bernard (1)
Code CBR, 1. Copely (1)
1 Nsval Surface Weapons Center, White Oak (Code 231, D. Price)
1 Naval Undersea Center, San Diego (Code 133)
1 Naval Weapons Station, Yorktown (Code OORL, G. S. Rogers)
1 Pacific Missile Test Center, Point Mugu (Cods 570404, R. W. Slyker)
1 Picatinny Arsenal (SMUPA.VE, H. J. Matsuguina)
3 Ait Force Systems Command, Andrews Air Force Base
DL (1)
DLFP (%)
DLPI (1)
2 Air Force Armament Laboratory, Eglin Air Force Base
DLIW (1))
Dr. L. D. Elkins (1)
3 Air Force Rocket Propulsion Laboratory, Edwards Air Force Base
Code MKM (1)
Code MKP (1)
Code XP (1)
1 Wrigh-Patterson Air Force Base (Code XRHP)
1 Defense Advanced Research Projects Agency, Arlington
12 Defense Documentation Center
1 National Aeronautics & Space Administration (Code RP, R. A, Wagelj
1 George C. Marshall Space Flight Center (Code S&E-ASTN-P)
1 Los Alamos Scientific Laboratory, Los Alamos, New Mex. (Code WX-2, Dr. R. N. Rogers)
1 Purdue University, School of Mechanical Engineering, Lafayette, Ind. (Cecli F. Warner)
101 Chemical Propulsion Mailing List No. 271 dated October 1975, including Categories 1,2,3,4,5
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ERRATA

Footnote 2 on page 3 is incorrect,

Please make the following change:

2Naval  Ordnance  Systems Command. “Interim  Qualification of PBXC-116(1) Explosive
Composttion™, 9 April 1974, and “Interim Qualification of PBXC-117(I) Explosive Composition™, 11
Aprii 1474, Washington, D.C., NAVORD-0332A. (NAVORDNOTICE 8020. publication
UNCLASSIFIED.)
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